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1. Experimental Section: Structural Analysis of the CuNCs  

The synthesis and the electrocatalytic studies of the CuNCs are reported in our previous works.1,2 

Here, additional structural analysis was performed using TEM (see Figure 1). The low resolution 

TEM image was acquired on a FEI Tecnai-Spirit (at 120 kV). The HR-TEM image was acquired 

on a FEI Titan Themis 60–300 operated at 300 kV. 

2. Computational Method 

 

Figure S1. (a) Top and (b) side views of the 1D nanowire model of CuNC. The orange spheres 

represent the {110}-like edge and the yellow ones represent the terraces. 

The computations were carried out using the software Quantum ESPRESSO.3 For all atoms, the 

interaction between core and valence electrons were described using the GBRV Ultrasoft 

pseudopotentials4 with the inclusion of scalar relativistic effects on the copper at the generalized 

gradient approximation Perdew, Burke and Ernzerhof (PBE) level.5,6 Long-range dispersion 

interactions were accounted for using Grimme’s -D2 semi-empirical dispersion correction.7 The 

Kohn-Sham equations were solved using kinetic energy cutoffs of 100 Ry and 800 Ry for the wave 

functions and charge densities, respectively. The optimization of the bulk lattice constants of the 

face-centered cubic copper and the estimation of the adsorption energies over the CuNC model in 

Figure S1 were carried out by sampling the Brillouin zone with a Monkhorst-Pack grid with a k-

point density of 0.2 points per Å-1.8 The calculated lattice constant of copper was 3.63 Å, in 

agreement with the experimental value (3.62 Å).9 The CuNCs were modelled as a 1D nanowire 
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periodic in a direction from a six-layer slab cleaved in the {100} direction with vacuum along b 

axis. This resulted in two edge terminations in y direction, namely {100}- and {110}-like edges, 

where the latter was chosen for representing the{100} terrace/{110} edge interface (see Figure 

S1). To separate the slabs from their periodic images vacuum values of 15 Å and 23 Å were chosen 

along b and c axes, respectively. Finally, the wire width of 5 Cu atoms in the y direction was used 

to ensure that the active sites on the {110}-like edge were not affected by those in the {100} 

direction. The adsorption energies of the various intermediates bound to the CuNC surface were 

computed keeping the three bottom layers fixed at the bulk positions and allowing the full 

relaxation of the three topmost ones and of the adsorbates. A dipole correction along the c direction 

was applied in all the cases. The adsorption energies were evaluated minimizing the atomic forces 

below 0.05 eV·Å-1. The reaction energies at each step of the CO2 electrochemical reduction were 

computed as DFT energy differences between the surface-bound products and reactants involved 

in it. The gas phase DFT energies of CO2, H2O and !
"
	𝐻"	(&), according to the Computational 

Hydrogen Electrode (CHE) model,10–12 were used as reference. The CHE model is based on 

equilibrium between the proton-electron couple (𝐻(())* + 𝑒-) and H2 at 1 atm and 0 V vs. the 

standard hydrogen electrode. At any pH value, the following reaction is used as the reference 

potential: 

 𝐻(())* + 𝑒- → 	
1
2	𝐻"	(&) 

(S.1) 

The chemical potential of !
"
	𝐻"	(&) is equivalent to that of the couple (𝐻(())* + 𝑒-) in aqueous 

solution. As such, the DFT energy of !
"
	𝐻"	(&) rather than that of the proton-electron couple was 

used as the electrochemical reference.10–12 
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Finally, the activation energies of the non-electrochemical steps of the *CO dimerization and *CO-

*COH coupling were calculated using the climbing image nudged elastic band.13 To locate the 

transition states, the minimum energy paths were examined using 11-15 images, including the 

initial and final states. Owing to the large and asymmetric supercells associated with our systems, 

the computed energies (see equations (1) and (4) in the main text) do not include ZPE and free-

energy corrections and follow references 14 and 15.  

3. Adsorption energies of intermediates 

The adsorption energies of the various intermediates formed on CuNC surface during the 

electrochemical CO2 reduction (CO2RR) proceeding through paths A and B are given in Tables 

S1-S6.  

Table S1. Adsorption energies (in eV) of the intermediates formed through the reaction pathway 

A at the {100} terrace/{110} edge interface of the CuNC surface. 

Intermediate Adsorption energy 

2 *CO2 -0.44 

2 *COOH -0.31 

2 *CO -0.32 

Dimer A{100} 1.10 

Dimer B{100} 1.11 

*COCOH (from Dimer A{100}) 0.06 

*COCOH (from Dimer B{100}) -0.27 

*CCO (from Dimer A{100}) -1.50 

*CCO (from Dimer B{100}) -1.19 
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Table S2. Adsorption energies (in eV) of the intermediates formed through the reaction pathway 

A at the {110} terrace/{110} edge interface of the CuNC surface. 

Intermediate Adsorption energy 

2 *CO2 -0.62 

2 *COOH -0.39 

2 *CO -0.16 

Dimer A{110} 1.24 

Dimer B{110} 1.25 

*COCOH (from Dimer A{110}) -0.21 

*COCOH (from Dimer B{110}) -0.15 

*CCO (from Dimer A{110}) -0.94 

*CCO (from Dimer B{110}) -1.01 

 

Table S3. Adsorption energies (in eV) of the intermediates formed through the reaction pathway 

A on the pure Cu(100) terrace. 

Intermediate Adsorption energy 

2 *CO2 -0.44 

2 *COOH -0.10 

2 *CO -0.42 

*COCO 1.12 

*COCOH -0.06 

*CCO  -1.48 

 

Table S4. Adsorption energies (in eV) of the intermediates formed through the reaction pathway 

B at the {100} terrace/{110} edge interface of the CuNC surface.  
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Intermediate Adsorption energy 

2 *CO2 -0.44 

2 *COOH -0.31 

2 *CO -0.32 

*CO *COH 0.58, 0.87 

*COCOH 0.14, -0.10 

*CCO -1.07, -1.11 

 

Table S5. Adsorption energies (in eV) of the intermediates formed through the reaction pathway 

B at the {110} terrace/{110} edge interface of the CuNC surface. 

Intermediate Adsorption energy 

2 *CO2 -0.62 

2 *COOH -0.39 

2 *CO -0.16 

*CO *COH 0.90, 1.25 

*COCOH -0.01, -0.35 

*CCO -0.78, -0.80 

 

Table S6. Adsorption energies (in eV) of the intermediates formed through the reaction pathway 

B on the pure Cu(100) terrace. 

Intermediate Adsorption energy 

2 *CO2 -0.44 

2 *COOH -0.10 

2 *CO -0.42 

*CO *COH 0.43 
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*COCOH 0.21 

*CCO -1.06 

 

4. Transition state structures 

Figure S2 reports the structures of the transition states as well as of the initial and final states for 

the non-electrochemical C-C coupling step through *CO dimerization and *COH-*CO coupling. 

Only the transition states of the coupling process with the lowest activation energies are reported. 

Figure S4 gives the energy profiles of the two competing mechanisms on the two facets ({100} 

terrace / {110} edge and {110} terrace / {110} edge in comparison with that of the pure (100) 

terrace. 

 

 

Figure S2. Structure of the initial (left), transition (middle) and final (right) states of the non-

electrochemical C-C coupling step through *CO dimerization on the a) {100} terrace / {110} edge, 
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b) {110} terrace / {110} edge interfaces and c) on the pure Cu(100) terrace. The values in 

parentheses represent the activation energies of the coupling (in eV).  

 

Figure S3. Structure of the initial (left), transition (middle) and final (right) states of the non-

electrochemical C-C coupling step through *COH-*CO coupling on the a) {100} terrace / {110} 

edge, b) {110} terrace / {110} edge interfaces and c) on the pure Cu(100). The values in 

parentheses represent the activation energies of the coupling (in eV).  
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Figure S4. Energy profiles of the two competing coupling mechanisms on the two facets {100} 

terrace / {110} edge (left) and {110} terrace / {110} edge (middle) having the lowest C-C 

formation barriers. The energy profile of *CO dimerization taking place on the pure (100) terrace 

is reported for comparison (right). 
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